What Factors Affect Doctors' Hours Decisions: Comparing Structural Discrete Choice and Reduced-Form Approaches * Few papers examine the pecuniary and non-pecuniary determinants of doctors' labour supply despite substantial predicted shortages in many OECD countries. We contribute to the literature by applying both a structural discrete choice and a reduced-form approach. Using detailed survey data for Australian physicians, we examine how these different modelling approaches affect estimated wage elasticities at the intensive margin. We show that all modelling approaches predict small negative wage elasticities for male and female General Practitioners (GPs) and specialists. Our detailed subgroup analysis does not reveal particularly strong responses to wage increases by any specific group. We show that the translog and Box-Cox utility functions outperform the quadratic utility function. Exploiting the advantages of the structural discrete choice model, we examine short-term effects at the intensive margin by calculating labour supply changes in response to 5 and 10% wage increases. The results show that such wage increases substantially reduce the full-time equivalent supply of male GPs, and to a lesser extent of male specialists and female GPs, but not of female specialists.
Introduction
A number of developed countries, including the US, UK, Canada, New Zealand, and Australia, have been concerned about the supply of medical services for several years (World Health Organisation, 2013) . The WHO estimates global shortages of about 12.9 million health workers, i.e., medical doctors, midwives, nurses, by 2035. Hence, a critical task for health care policy is to ensure the long-term supply of medical services for an ageing population that exhibits an increasing demand for medical care. To prevent shortages of health workers, policy responses have focused on training more health workers rather than using incentives to increase hours worked and productivity (McPake, Scott, and Ijeoma, 2014) .
We examine the labour supply of Australian doctors for whom average working hours have fallen by 11.6% from 48.0 to 42.5 hours per week between 1997 and 2009, and have increased slightly since 2010 to 42.8 hours in 2013. A number of factors contribute to the observed changes in working hours. First, the share of female doctors has increased substantially as women account for only 24% of doctors aged 55 and over, compared with 52.5% of the new generation of doctors aged 35 and under. These changes in gender composition affect labour supply, since female doctors work 38.8 hours per week on average compared to 45.4 hours for males. Second, at the same time men have also reduced their working hours, and relatively more so than women over time so that the gender differential in working hours has decreased, further reducing labour supply.
1 Third, the proportion of older doctors has increased over the past ten years which resulted in a significant drop in average working hours as older doctors tend to work fewer hours. Fourth, Markwell and Wainer (2009) and Shrestha and Joyce (2011) document the changing work/life balance expectations amongst doctors. For instance, both younger and older doctors, male and female, have reduced their working hours compared to a decade ago, amplifying the reductions in hours worked. In addition, studies of retirement intentions suggest that one third of General Practitioners (GPs) plan to retire before age 65 (Brett et al., 2009 ).
Despite a vast general labour supply literature (see e.g., Blundell and MaCurdy, 1999; Blun-1 All figures were obtained from the Australian Institute of Health and Welfare (AIHW, 2014 (AIHW, , 2015 .
1 dell, MaCurdy, and Meghir, 2007) and despite the concern over shortages of doctors in many developed countries, the labour supply of doctors has received surprisingly little attention as evidence exists only for two (very different) countries, the US and Norway. However, given the decline in working hours, designing effective workforce policies requires a better understanding of the determinants of doctors' labour supply, and the potential differences in determinants between male and female doctors and between doctor types. The few studies that examine doctors' labour supply mostly apply a reduced-form approach derived from the theory of utility maximisation that uses a linear specification of the logarithm of hours worked as the dependent variable and includes the logarithm of the wage rate as one of the explanatory variables (Sloan, 1974; Rizzo and Blumenthal, 1994; Showalter and Thurston, 1997; Thornton, 1998; Ikenwilo and Scott, 2007) . 2 However, this popular specification linearises the equation in log wages at the observed labour supply point and imposes a constant wage elasticity for all doctors and ignores potential heterogeneities. Imposing a constant wage elasticity is particularly problematic because wage elasticities should decline at higher hours of work due to an increased marginal utility of leisure relative to utility of income.
We address these concerns and contribute to the literature on doctors' labour supply in four ways. First, we estimate a structural discrete choice labour supply model, which directly estimates an underlying utility function. This type of model has gained increasing popularity in the general labour economics literature. A few studies, e.g., Cheng, Kalb, and Scott (2013) , Andreassen, Di Tommaso, and Strøm (2013), and Saether (2005) , apply a structural labour supply model but mainly examine choices between different types of jobs (e.g., public versus private).
The discrete choice approach offers a number of advantages compared to the continuous approach, including the flexibility of the functional form describing the relationship between individuals' characteristics and labour supply, the relative ease of incorporating complex nonlinear tax and transfer systems, the broader range of utility functions that can be used, and no need to impose quasi-concavity conditions before estimation. Moreover, the labour supply literature has shown that a discrete representation of continuous labour supply is adequate, and sometimes even preferred, since workers often have a limited number of working hours to choose from. 3 The discretisation of working hours may be particularly appropriate for GPs who are likely to face institutional constraints that affect their labour supply (Saether, 2005) .
Second, we explore heterogeneous responses by providing a detailed analysis for different subgroups of doctors. Whereas previous studies have relied on small samples and estimated models for male and female doctors combined, or models for male doctors only, our larger sample allows for separate models by gender and doctor type. Understanding the determinants of female doctors' labour supply is important for workforce policy given an increasing proportion of female doctors and gender-specific determinants of labour supply. Third, we explore the sensitivity of the models' implications to the utility function specification and to using a different number of discrete labour supply choices in the modelling. Finally, the structural discrete choice approach allows the simulation of policy changes, e.g. to the financial remuneration of (specific) doctors, taking into account the non-linearity of the tax schedule. We simulate labour supply responses at the intensive margin in response to wage increases of 5 and 10%, and compare these responses across the different utility function specifications.
Using data from a unique Australian study of doctors, "Medicine in Australia: Balancing Employment and Life" (MABEL), we estimate structural and reduced-form models and compare the estimated wage elasticity from both types of models for doctors with different characteristics. We estimate models separately for male and female GPs, and for male and female specialists. We find negative wage elasticities for the four doctor types and show that the wage elasticities are very similar on average in the two approaches. Contrary to the reduced-form approach, the structural discrete choice approach reveals heterogeneous responses to financial incentives. The results from the structural models are robust to different definitions of nonlabour and other household income, different utility specifications, different specifications of the discrete sets of working hours and including random variation in preferences.
More generally, we show that for this high income and long working hours population, the quadratic utility function, which is often used in general population labour supply modelling (see e.g., Keane and Moffitt, 1998; Van Soest, Das, and Gong, 2002) , does not fulfil coherency conditions in a large proportion of cases. Instead, a translog utility function (see e.g., Van Soest, 1995) or a Box-Cox utility function (see e.g., Saether, 2005; Andreassen et al., 2013) fulfil these conditions in the majority of cases and are thus consistent with economic theory. Despite these differences, the implied marginal effects of doctors' characteristics on labour supply and wage elasticities are very similar across the different utility specifications. A policy simulation increasing wages by 5 and 10% shows that the labour supply reduction is largest for male GPs, followed by male specialists and female GPs. The impact on female specialists' labour supply is negligible.
The paper proceeds as follows. Section 2 presents a brief literature review on physicians' labour supply and summarises the reported wage elasticities. Section 3 outlines the two types of labour supply models and the associated estimation approaches. In section 4 we describe the data and discuss some descriptive statistics. Section 5 presents the results, followed by a policy simulation in section 6. The paper concludes with a discussion of the implications in section 7.
Literature review
In this section we briefly review the main studies and their estimated wage elasticities, which differ as the studies use different data sources and examine specific doctor types. The earliest studies on the determinants of doctors' labour supply, e.g. Feldstein (1970) , Fuchs and Kramer (1972) , Brown and Lapan (1972) , run OLS regressions of the quantity of services provided by a GP on different control variables and a fee measure. Using different data sources from the US, these studies generally find small negative fee elasticities that are measured imprecisely due to the small sample sizes. Sloan (1974) estimates the wage elasticities on weekly hours worked (and weeks worked per year) using US census data from 1960 and 1970. He finds small positive wage elasticities (< 0.1) on average as well as evidence in favour of a backward-bending labour supply curve for a minority of doctors at the top of the income distribution.
More recently, although using data which are now nearly 30 years old, Rizzo and Blumenthal (1994) model labour supply and the wage rate jointly based on a sample of young selfemployed physicians from the 1987 Practice Patterns of Young Physicians Survey. They instru-4 ment the wage rate using professional experience. The study estimates the model for men and women combined, and finds a positive wage elasticity of 0.23 which they decompose into an income (-0.26 ) and a substitution effect (0.49). Showalter and Thurston (1997) study the effect of changes in state marginal tax rates on labour supply using data from the 1983-1985 Physicians'
Practice Costs and Income Survey (PPCIS). Focusing on physicians, the study finds significant positive wage elasticities for self-employed physicians (0.33), but small (0.10) and insignificant wage elasticities for doctors on wages or salaries. Thornton (1998) The studies discussed all use a reduced-form approach, which imposes some strong assumptions including a constant wage elasticity although Showalter and Thurston (1997) , for example, allows the wage elasticity to depend on age. Only a small number of studies use a structural discrete-choice approach that allows a more flexible modelling of labour supply. Using administrative data for Norwegian residents in 1995 and 1997 , Saether (2005 estimates a structural discrete choice labour supply model for doctors aged 28-66, both employed and self-employed.
He finds wage elasticities for hospital physicians ranging broadly from 0.1 to 0.2. He also shows that although private sector wage increases lead to stronger changes in hours worked in the relevant sector than public sector wage increases, the wage elasticity for overall hours is slightly smaller at 0.08 than the wage elasticity of 0.10 for overall hours associated with a public sector wage increase.
Most recently, Andreassen et al. (2013) use Norwegian administrative data from 1996-2000 to estimate a labour supply model that allows doctors to choose between 10 different job pack-ages which derive from a combination of attributes: part-or full-time work, hospital or primary care, public or private sector, with 'working in other sectors' and 'not working' representing the 9th and 10th package. The study focuses on all employed married physicians and finds an average wage elasticity of 0.04. The paper demonstrates the flexibility of the discrete choice approach by presenting estimated wage elasticities, and sectoral employment changes, that result from simulated changes to the taxation schedule.
Methods
In this section we briefly describe the two approaches used in this paper: a discrete choice labour supply model in Section 3.1 and a reduced-form linear regression model in Section 3.2.
A structural labour supply model
Our central analyses use a structural model of individual labour supply, based on a utility function, to obtain estimates of preference parameters and elasticities with respect to income and wages. We treat labour supply as a discrete choice problem rather than a continuous choice, similar to the approach by Van Soest (1995) .
As in standard labour supply models, we assume that doctors choose a combination of hours worked and household net income (assumed to be equal to household consumption) that maximises their utility. We follow Löffler, Peichl, and Siegloch (2014) and compare three different utility functions: the quadratic, translog, and Box-Cox. The quadratic specification (e.g. Keane and Moffitt, 1998) is straightforward to implement and quite flexible as leisure and consumption of each doctor can be either substitutes or complements. The quadratic model can thus represent complex interactions without imposing too many restrictions a priori. 4 Furthermore, unlike many other utility functions, the quadratic utility function can take working hours rather than leisure as its arguments and therefore does not require choosing an arbitrary value for the total endowment of time. These advantages make the quadratic utility function a good choice, although it is not automatically quasi-concave. We can, however, easily check this property post-estimation: if utility U is increasing in income at the observed income and leisure time, and the matrix of second order derivatives of income with respect to leisure along the indifference surface is positive at the observed income and leisure time, then U is quasi-concave at that point (Varian, 1992, pp.96-97) .
Alternatively, we estimate labour supply using the translog utility function (e.g. Van Soest, 1995) , which attenuates the impact of high income and high hours worked by first taking the logarithm before applying a quadratic function. The translog function has the same advantages as the quadratic utility function except that it cannot be directly expressed in working hours but needs to be in terms of leisure. The quadratic utility function:
The translog utility function:
The Box-Cox utility function:
In all three specifications, we assume that the random error ϵ ij follows a type I Extreme
Value distribution and estimate the parameters of the resulting multinomial logit model by maximum likelihood (see Maddala, 1983) . Furthermore, we always allow the vector of preference parameters β 1 and β 3 to differ by family status and some individual characteristics, e.g., the number of children, the doctor's age, and health status.
The discrete choice approach has the major advantage that we can easily calculate the level of utility for each possible combination of working hours and net income. Given the above models and assuming that individuals choose the alternative that leads to the highest utility, the probability that individual i chooses alternative j (from the m alternatives) is:
This provides us with an estimated distribution over the possible labour supply points for each doctor. 6 To estimate these probabilities we need to determine the utility level and thus the household net income associated with each choice j. To generate household net income, we first compute gross hourly wages either directly from observed information (on income and hours worked) or by imputing gross wages using wage regressions. Using gross hourly wages, we calculate gross labour income associated with each choice of working hours. We then add nonlabour income and the spouse's gross income to generate gross household income. Finally, we apply the Australian tax and transfer system, which accounts for the household's tax liabilities and eligibility for family payments, to generate the amount of net household income associated with each level of working hours. Ideally, we would like to jointly model the labour supply of both spouses for couple fami-6 Using this distribution, expected labour supply can easily be computed at the individual and population level before and after wage changes, providing the basis for computing wage elasticities. 7 We include individual income tax payments and income tax rebates, as well as the Medicare Levy and Government payments to families with children. 8 lies. Unfortunately, the data available does not provide information on partners' working hours.
Hence, a limitation of our study is to treat the partner's labour supply and non-labour income as exogenous. 8 We have this limiting assumption in common with most of the literature on doc- we only vary policy parameters that affect the doctors and have less need to understand their partners' labour supply choices which remain exogenous in our modelling.
For our analysis, we choose discrete labour supply points that cover the observed labour supply as well as possible. Hence, our main model offers ten different choices of working hours: 16, 20, 30, 40, 45, 50, 55, 60, 65 or 70 hours per week. 9 We also examine the sensitivity of results to choosing a smaller and larger number of labour supply points: five (allowing 20, 40, 50, 60 or 70 hours per week) and thirteen (allowing 8, 16, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65 or 70 hours per week).
A reduced-form labour supply model
Starting from the same economic framework of utility maximisation (see Stern, 1986) , and a few simplifying assumptions and approximations (such as linearising wages at the observed labour supply point, instead of taking into account the full complexity of the tax and transfer system), we can derive a reduced-form static labour supply model as in equation 5:
where the natural logarithm of hours worked (H i ) is regressed on (the log of) the gross wage rate (W i ), gross other non-labour income (Y i ), and a range of individual characteristics X, e.g., 8 The lack of information on a partner's income may be less of an issue for men than for women. This seems confirmed in our results which show that the partner's employment status affects labour supply by women but not men. 9 The corresponding hours intervals are: [0 -18); [18 -25); [25 -35); [35 -42.5); [42.5-47.5 ); [47.5-52.5); [52.5-57.5); [57.5-62.5); [62.5-67.5); [67.5-80) . the age of the doctor, number of children, age of the children. The parameter α 1 yields the uncompensated substitution elasticity (Blundell and MaCurdy, 1999, p.1599) .
Although the first generation of labour supply models used this reduced-form approach frequently (Killingsworth, 1984) , it imposes a number of restrictive assumptions that the structural discrete choice model does not require. First, the model assumes a constant wage elasticity as estimated by the coefficient α 1 . The linear specification is fairly restrictive as the wage elasticity may vary over the hours distribution or depend on non-labour income or other demographic characteristics. Second, the reduced-form model also assumes quasi-homothetic preferences (through the linear income term) which have typically been rejected by empirical studies on consumer behaviour (Blundell and MaCurdy, 1999) . Third, the reduced-form specification cannot easily take into account the non-linearity of the income tax and transfer system when translating gross income into net income. Instead, gross wage is included as a linear term without allowing for non-linearity of the wage after applying the rules of the tax and transfer system.
In effect, the equation is linearised in the wage at the observed labour supply point.
Despite these shortcomings, the model nevertheless provides an interesting benchmark against which to compare the average wage elasticity derived from the structural model. In addition, it allows for a comparison to the literature using the reduced-form approach. 
Construction of income variables
To construct the key argument in the utility function, net income at each labour supply point, we first need to compute total gross income at different values of hours worked. Therefore we need information on i) the gross hourly wage earned in medical practice and ii) gross other household income. The MABEL survey collects information on gross or net income reported per fortnight or annually, and separately asks for income from the medical practice and for total household income.
12 If doctors provide weekly or fortnightly income figures, we assume that this income was the same over all weeks/fortnights worked to impute an annual income value.
We divide annual medical income by annual hours worked in the medical practice to compute the gross hourly wage earned in medical practice. We compute gross other household income by subtracting the income from medical practice from total household income. Other household income thus includes the doctors' income from other sources (e.g. income from other business interests, dividends, interest) and, for cohabiting doctors, the partner's labour and non-labour income, or a mix of these sources. Unfortunately, we cannot distinguish between these easily, due to a lack of information about the partner's income.
Using the relevant tax and family support rules from 2008, we compute net income from gross income. Because of individual taxation, we ideally need information about the partner's earnings which the survey does not provide. We are therefore required to make a few assumptions about the split of other household income. First, if the partner is working (either full-or 10 However, given the high investment in human capital required in terms of time and money to become a doctor, relatively few qualified doctors do not work in their profession. The AIHW (2012) reports that about 7% of all registered medical practitioners do not work in the medical workforce. Note that this figure includes non-GPs and specialists, for whom the non-participation rate may be higher than for GPs and specialists. Furthermore, women may take time off to raise children, and older doctors may decide to retire earlier rather than later, but these groups are relatively small and specific. These issues would need to be studied in a separate paper so factors relevant to these decisions can be fully taken into account.
11 Although labour supply as measured by hours of work is important, effort and services provided per unit of time are alternative ways to increase the medical services supplied by doctors. As shown by Fortin, Jacquemet, and Shearer (2010) these can be important as well, but insufficient data are available on these outputs. Therefore, we ignore these two alternative pathways to increase services provided and focus on hours of work.
12 Although the response rate for the financial variables is lower than for some of the other questions (Kuehnle et al., 2010) , the large majority of GPs and specialists (85.3%) provide either gross or net income for one of the specified time periods.
part-time), we allocate all other income entirely to the doctor's partner. Second, if the partner is not working, then we split the other household income equally between both spouses. We argue that in this case it is reasonable to assume that couples will split other income to maximise tax benefits (e.g., to use the tax-free income threshold).
To address measurement error and the potential endogeneity of wages, we also use predicted wages from four separate wage regressions, i.e., separately by doctor type and gender. We follow a similar specification to Cheng et al. (2012) and use additional exclusion restrictions, such as median local house prices, that we argue belong in the wage equation but not in the model for hours. 13 Based on the parameter estimates from the wage equation, we predict hourly wage rates that we use to calculate gross earnings from medical practice associated with each level of working hours. We compute other income in the same way as for the observed wage approach.
To address the sensitivity of results with respect to measurement error in the partner's income or other household income, we also apply alternative approaches to construct these two measures of income both when using observed wages and imputed wages. First, the survey asks doctors about the proportion of income they earned through medical practice and through other sources. We use this to impute the division of other household income between the doctor's other income and the income of the doctor's partner.
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The second alternative approach additionally uses observations for which we only observe net income. We can use the taxation and family income support rules to compute the corresponding gross income. We assign other net household income to the doctor and his/her partner (if present) in the same way as described under the first approach for gross income. We only use the imputed gross income if the observed gross income is not available. This allows us to include an additional 282 doctors.
The third alternative approach combines the previous two approaches. First, we impute gross incomes from the net figures. We then apply the given proportions of other net income and net medical practice income from the doctor's total income to imputed gross total income.
13 Coefficients are reported in Table A .1 in the Appendix.
In the results section, we only present results using the base case approach with observed and predicted wages. The estimated wage elasticities from the alternative approaches 1 to 3 are very similar to those from the base case approach. 15 This indicates that the results are robust to the different approaches taken to compute the doctor's medical earnings and household income, and the different assumptions made regarding the division between the partner's earnings and other household income.
Summary statistics
We present descriptive statistics for our estimation sample on average hours worked by gender, doctor type, and age in Figure 1 , together with the proportions of women in each age group.
The figure shows patterns consistent with the recent national patterns discussed in Section 1.
First, the proportion of women decreases over the age cohorts and is largest amongst the younger cohorts, reaching between 62 and 65% amongst GPs aged less than 40. Second, men and women differ markedly in their labour supply over the life-cycle. For instance, women in their prime child-rearing ages (30-49) work the lowest average hours. Conversely, women aged 50-59 work the longest hours amongst women, which is likely to be due to children having grown up by this stage. The figure shows clearly that men and women aged over 60 reduce their labour supply with men reducing their hours worked more sharply than women. Second, specialists are more likely to work long hours than GPs. Furthermore, despite potential institutional constraints for working hours, the observed distribution of hours worked suggests that both part-time and full-time hours ranges are reasonably well covered. Thus, a broad range of working hours is on offer to doctors, facilitating the supply of preferred hours without facing major demand side constraints.
16
15 Results based on observed wages (circumventing the need to estimate three additional sets of wage equations) are available in Table B .1 (rows 2 to 4). 16 Individuals who are most likely to face demand side factors that lead to sub-optimal working hours are those Table 1 contains the summary statistics for all variables used in the analysis and reveals several differences in socio-economic characteristics between the four groups of doctors. As expected, specialists earn more per hour than GPs, and in both groups women earn less per hour than men. Female doctors are about 6 years younger and therefore more likely to have young children than male doctors. Female doctors are more likely to be single, but if they have a partner, their partner is more likely to be employed than for male doctors.
Results

Performance of alternative utility function specifications
We begin our analysis with a comparison of the goodness of fit measures for the three different utility functions. Whereas other studies usually find that the estimated utility function is quasiconcave for 95-100% of all observations (e.g. Van Soest (1995) for the general population in the Netherlands, or Hanel, Kalb, and Scott (2014) for the population of nurses in Australia), the quadratic utility function violates the quasi-concavity conditions in the majority of cases for our sample of highly-paid doctors working long hours. Table 2 shows that the utility function is quasi-concave for only 17% of female GPs, 57% of female specialists, 15% of male GPs, and 23% of male specialists. The other two utility functions perform much better in this regard.
When using the translog specification, the quasi-concavity conditions are fulfilled for 91% of female GPs, 98% of female specialists, 95% of male GPs, and 99% of male specialists. The results for the Box-Cox utility are quite similar at 100, 97, 89 and 99% respectively, but we
were not able to estimate a Box-Cox model with the interaction term between income and hours worked included for female GPs. 17 Given that the quadratic specifications fail the quasifor whom observed hours are not equal to preferred hours. This may potentially lead to bias in the estimation of the model's parameters due to measurement error. Therefore, we estimate an alternative version of the model, excluding all observations who are not working at their preferred hours, following Ribeiro (2001) who uses information from the sample (whether workers were looking for another job) to exclude individuals from the analysis. This provides an indication of the bias of the estimated elasticities due to sub-optimal labour supply reported in the data. Unfortunately, the question in MABEL is not ideal since it is not asked conditional on income changing with a change in hours worked, but the results provide some indication to the sensitivity of our elasticity to leaving out doctors who state they would like to change hours worked. After dropping these individuals from the analysis, the estimation results remain of the same order of magnitude, although they become mostly insignificant due to the much smaller sample size. These results are available in Table B .1. 17 Compared to the quadratic and translog specifications, convergence of the model was much more difficult to achieve for the Box-Cox specification for all doctor types. concavity conditions, we need to decide between the translog and Box-Cox functions which perform quite similarly with regard to the other goodness-of-fit measures. However, given the difficulties in getting the Box-Cox models to converge, we use the translog utility function as the benchmark specification in this paper.
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Estimated marginal effects on labour supply
This section discusses the results from the structural labour supply model with 10 discrete hours points based on the translog utility function. 19 We present simulated marginal effects and their 95% confidence intervals in Table 3 since the coefficients of the model are not easily interpretable.
20,21 Table 3 reveals interesting similarities and differences between the four doctor groups. As expected, young children reduce working hours for all groups; this reduction is largest for female GPs, and then female specialists. Somewhat unusually, compared to the general male population, we also observe a reduction of working hours by male GPs with young children, but not for male specialists. Female specialists no longer significantly reduce their labour supply once their youngest child is 10 or older.
For women, the effect of the total number of children, although insignificant, compounds the negative effect of the youngest child, while for men the effect of family size is positive and significant, thus making the combined effect of the child variables ambiguous. Male specialists with children work on average slightly longer hours than male specialists without children. For 18 Since the Box-Cox model for female GPs did not converge, we report results from the Box-Cox model without interaction terms between income and hours worked for this group. However, results for the other groups (to be presented in Table 4 , panel B) show that excluding the interaction reduces the size of the predicted wage elasticity. 19 Coefficients from the multinomial logit model with 10 discrete hours points are presented in Appendix Table  A.3 20 The confidence intervals are computed using a parametric bootstrap approach. We draw 1000 alternative sets of coefficients from the estimated multivariate normal distribution of coefficients, using the estimated coefficient means vector and associated variance-covariance matrix. Each set of coefficients drawn is used to compute the effect of a one-unit change on predicted hours worked for each exogenous characteristic in turn. These 1000 effects are then ordered by magnitude, from low to high. The lower bound of the 95% interval is positioned at the 25 th lowest value and the upper bound is located at the 975 th value. 21 Using observed wages instead of imputed wages in estimating the discrete choice model, the marginal effects for the individual characteristics only change slightly, and similarly using the quadratic instead of translog utility function changes the marginal effects only slightly. See Appendix Table A .4 for the results using the quadratic utility function. The results based on observed wages are available in Table B .2. Estimating a reduced-form specification using the same individual and household characteristics as in the structural specification, Appendix Table A .5 shows that the marginal effects for the individual characteristics are very similar to those obtained from the structural model. male GPs, the combined effect of the variables related to children remains negative if they have only one child and the child is younger than 10 years. For male GPs with two children or more, or with older children only, the combined effect is always positive indicating that this type of GP tends to work longer hours than a GP without children. Our results are consistent with the findings by Wang and Sweetman (2013) who, using Canadian census data, find that children do not influence male physicians' labour supply much unless a doctor has at least three children which leads to an increase in working hours. For female physicians, the presence of children reduces working hours substantially, especially when the children are of pre-school age.
Reflecting the observed decline in working hours across the age distribution, increasing age by one year decreases labour supply for all doctor types, except for female specialists, and is slightly stronger for male specialists than other doctors. We attribute this finding partly to the age distribution within the four populations, as male doctors are on average 6 years older than female doctors (and the negative effect of age becomes stronger as doctors age). Health status appears somewhat important for GPs but not for specialists. Having good health instead of very good or excellent health increases the expected hours of work, especially for female GPs (note that we cannot exclude the possibility of reverse causation). None of the marginal effects of poor/fair health are significant. It should be noted that very few doctors fall into this category.
The marginal effects of having a partner reveal some interesting patterns. If the partner is not employed, female doctors tend to work more hours than single female doctors, while it makes no difference to male partnered doctors compared to single male doctors. Men generally seem non-responsive to their partner's working status. If the partner is in full-time employment, female specialists and GPs work slightly fewer hours compared to single women.
Finally, self-employed doctors and GPs working in remote areas of Australia work more hours than other doctors.
Wage elasticity
In this section we simulate labour supply responses to a 1% increase in individual wages. Using the estimated parameters for a range of different specifications, we simulate individual doctors' wage elasticities which reflect each doctor's expected responsiveness to financial incentives. First, we observe negative average wage elasticities for male and female doctors, GPs and specialists, indicating that the estimated working hours of many Australian doctors correspond to the backward bending parts of their labour supply curves. 23 The elasticities are modest in size and range in value between -0.06 and -0.23. The negative wage elasticities are mostly significant for both men and women, except for the estimates using imputed wages for female specialists.
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Second, Panel A shows that the negative wage elasticities are not driven by the choice of the number of discrete labour supply points allowed in the specification of the discrete choice model. Five, ten or thirteen mid-points yield very similar results, except perhaps for female doctors (especially the GPs) for whom ten points yield different results compared to five points.
The model with 5 mid-points appears to introduce substantial measurement error for female
GPs (and to a lesser extent for female specialists) by not covering the observed distribution of labour supply well enough.
Third, the estimated negative wage elasticities are quite robust on average against using observed or imputed wages. The point estimates are never significantly different from each other, although some of the estimates using imputed wages are not significantly different from zero due to the loss of precision.
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Fourth, Panel B shows that the implied wage elasticities are very similar when using the quadratic utility function or the full Box-Cox utility function (with interaction terms between income and hours) as compared to using the translog function. This similarity is surprising 22 A similar approach as described in footnote 20 is used. However, instead of increasing each exogenous characteristic by one unit, we increase wages by 1% and again perform a parametric bootstrap to calculate the confidence intervals of the estimated coefficients using the percentile method. 23 The results for specialists are also similar to the overall wage elasticities reported by Cheng et al. (2013) using a model distinguishing hours worked in the public and private sector. 24 As a robustness check, we allow for random preference parameters by adding error terms to the linear income and working hours parameters in equations 1 and 2, similar to the approach by Van Soest (1995) . The results are very similar and show that allowing for random preferences does not change the estimated wage elasticities.
25 Similar to Van Soest (1995), we also estimate the model taking into account errors in wage rate predictions by drawing 100 wages for each individual, taking into account the standard deviation of the wage regressions. Table  B .1 shows that the estimated wage elasticities for three of the doctor groups are robust to allowing for wage rate prediction errors. However, the model does again not converge for the fourth group of female GPs.
given the poor performance of the quadratic utility function in terms of meeting the quasiconcavity conditions at the observed labour supply points, whereas for both the translog and Box-Cox utility function quasi-concavity conditions are mostly met. The largest difference is again observed for female GPs. The reduced Box-Cox specification, which omits the interaction between income and hours, converges for all groups but produces substantially smaller, but still negative, wage elasticities.
Fifth, the table shows that structural and reduced-form approaches (Panel C) produce strikingly similar wage elasticities on average for each of the four subgroups, except for female GPs. 26 The specifications using 10 or 13 mid-points appear to be slightly closer to the reducedform coefficients than the specification with 5 mid-points. The similarity indicates that the constant wage elasticity estimated in the reduced-form approach is consistent with the average elasticity in the structural discrete choice approach. However, the advantage of using a structural approach becomes clear when we present the variation in estimated wage elasticities of individual doctors graphically as in Figure 3 . The figure shows that wage increases are expected to lead to heterogeneous responses which cannot be incorporated in the reduced-form model, but can be reflected through the structural model. In addition to determining how a 1% increase in wages affects total labour supply which is important for policy considerations, we want to reveal the heterogeneous effects for sub-populations which health authorities could potentially target specifically. Therefore, Figure   4 presents the estimated wage elasticities for a number of selected subgroups. Overall, female
GPs are predicted to have the most variation in wage elasticities.
Generally, the groupings in the figure do not clearly identify particular groups that would respond more strongly to wage increases than other groups. The subgroup analysis shows that the labour supply of specialists (and particularly male specialists) does not respond much to wage increases. The only subgroups that stand out slightly are male and female GPs with a pre-school child, and female specialists with a pre-school child for whom the average elasticity is close to zero (but still negative) and who are more likely to have a positive wage elasticity. As expected, male and female GPs working longer hours have on average slightly larger negative wage elasticities than doctors working fewer hours. Female specialists who have a non-employed partner are the only group to respond on average positively, although insignificantly, to a 1% increase in wages.
Policy simulations
Finally, we use the structural model to simulate doctors' labour supply responses to different increases in the wage rate: 1%, 5%, and 10%. Unlike the reduced-form model, the structural model is capable of taking the non-linearity of the tax schedule into account when calculating the labour supply responses. We calculate the labour supply responses as the percentage change in hours per week and in terms of the absolute change in full-time equivalent (FTE) doctors. FTE is a meaningful measure of supply because it takes into account differences in hours worked among doctors. We calculate the FTE measure by multiplying the number of medical practitioners in the population by the average change in weekly hours worked, and dividing the result by the number of hours in a standard full-time working week.
27,28
The simulation results are shown in Table 5 for all three utility specifications. We first examine the results presented in panel A which displays the relative labour supply responses.
Overall, the models predicts negative and significant labour supply changes for men, but not for women. The predictions are quite robust across the three utility specifications, apart from 27 Although the Australian Bureau of Statistics defines full-time work as working at least 35 hours per week, this figure may be less appropriate for doctors who tend to work more hours (42.6 hours per week on average). For this reason, we use 40 hours for a standard full-time week that is consistent with the measure used by the National Healthcare Agreement reporting. 28 According to the AIHW (2014), there were 9,222 female and 14,793 male GPs in 2008, and 6,019 female and 16,439 male specialists in Australia in 2008. female GPs for whom results are quite sensitive to the utility function used.
Moreover, the 5 and 10% wage increases lead to fairly linear relative changes using the translog and Box-Cox utility specifications, but less so when using the quadratic specification.
For instance, the translog specification predicts that increasing male GPs' wages by 1, 5, and 10% reduces working hours by 0.158, 0.748, and 1.407%, respectively. According to the same specification, increasing wages by 10% would reduce weekly working hours by about 0.69% for female specialists, and by about 0.75% for male specialists. A notable exception from the linear response patterns are female GPs when using the quadratic utility function, where the wage responses follow a U-shaped pattern.
Panel B presents the absolute change in terms of FTE for the current population of doctors.
Consistent with the modest relative wage responses by female doctors, the model predicts that wage increases in the order of 5% or 10% reduce the supply of female doctors by a modest amount. A 5% wage increase is associated with a reduction of 22-89 FTE female GPs, and a reduction of about 18-25 FTE female specialists. Given the total population of female doctors in 2008, the 5% wage increases are predicted to reduce the total number of FTE female GPs by about 0.2-1%, and for female specialists by about 0.3-0.4%. For male GPs, a 5% (10%) increase in wages is predicted to reduce their labour supply by about 130-148 (241-287) FTE doctors, reducing the total number of FTE male GPs by about 0.9-1% (1.6-1.9%). Finally, 5 and 10% wage increases would decrease the labour supply by male specialists by about 72-86 and 142-176 FTE doctors, respectively. These changes correspond to a reduction in the total number of FTE male specialists by 0.4-0.5% and 0.9-1.1%, respectively. That male GPs and specialists respond more strongly than female GPs and specialists is consistent with the theory of a backward bending labour supply curve and the summary statistics presented in section 4 which showed that male doctors earn higher incomes and work longer hours than female doctors. The policy simulations therefore provide evidence that wage increases in the order of 5-10% may reduce labour supply in the short-run, but more so for male than female doctors.
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Although the World Health Organisation (2013) predicts that most OECD countries will face a substantial shortage of physicians in the next years, little research exists about doctors' labour supply. We analyse the pecuniary and non-pecuniary determinants of doctors' labour supply and examine the policy implications arising from different modelling approaches for labour supply.
Our study exploits the advantages of the structural discrete choice approach and compares the results to those obtained with a reduced-form approach, frequently used in the literature on physicians' labour supply.
Using a unique data set on Australian physicians, "Medicine in Australia: Balancing Employment and Life" (MABEL), we make three main contributions to the literature on doctors' labour supply. First, we show that all modelling approaches used in this paper predict negative wage elasticities for male and female GPs and specialists. The results are not very sensitive to the choice of utility function or the number of labour supply points. Given doctors' high income levels and long working hours, it is not surprising that increasing the return to hours worked has no positive effect on their labour supply. Many doctors are working so many hours that the cost of giving up another hour of leisure is very high while the benefit from additional income is limited. As a result, wage elasticities are negative on average, although a number of individual doctors would still have a positive labour supply response. While the estimated wage elasticities are very similar on average in the structural versus reduced-form approach, the reduced-form approach assumes a constant wage elasticity across individuals thereby hiding a substantial amount of variation across individuals.
In our second contribution we make use of the rich data which allow us to perform a detailed subgroup analysis that no other study on doctors' labour supply has done before. Although such differences may be potentially important to enable policy makers to target financial incentives on particular groups, our subgroup analysis does not reveal particularly strong responses to wage increases by any specific group. Nevertheless, we contribute the first detailed study by estimating separate models for male and female GPs and specialists.
Finally, we use the structural model to predict relative and absolute labour supply changes in response to different wage increases. Unlike the reduced-form approach, the structural model allows ex ante policy simulations that explicitly take into account the non-linear taxation schedule or financial subsidies. Our policy simulations show that male doctors respond more strongly to wage increases in the order of 5-10% than female doctors. A 5% increase in wages is predicted to reduce the total labour supply by male GPs by about 130-148 full-time equivalent (FTE) doctors (corresponding to a reduction in total male GP labour supply by about 1%), and by about 72-86 FTE doctors for male specialists. That male GPs and specialists respond more strongly than female GPs and specialists is consistent with the theory of a backward bending labour supply curve and the observation that male doctors earn higher incomes and work longer hours than female doctors. Our results imply that wage increases aimed at increasing the supply of medical doctors at the intensive margin are likely to reduce labour supply in the short-run, especially by male doctors.
In our policy simulation we focus on the effects at the intensive margin as the survey design does not allow us to examine the extensive margin. In the long run, increased wage rates may draw in additional doctors, but given the long qualification period of doctors it is likely to take several years before any effect would be observed. Moreover, relatively few qualified doctors currently do not work in the medical workforce. The most notable exceptions are probably female doctors on maternity leave and recently retired doctors. These groups might respond to some extent to increased wage rates, but again the net effect is ambiguous. Higher wages may allow doctors to finance a comfortable retirement more quickly or it may incentivise doctors to stay in the workforce longer because the opportunity cost of not working as a doctor are high. This needs to be determined empirically in future research. Given that MABEL collects data from doctors working in clinical practice, MABEL is not particularly suitable for studying doctors moving in and out of clinical practice. However, we can provide some descriptive statistics on the relevant group that is at risk of retirement. 28.9% of all doctors in our sample are aged 55 and over. Of these, 25% signal high or moderate dissatisfaction with either hours of work or financial remuneration. Furthermore, 38.7% respond they are very likely to leave medical practice within the next five years, and another 20% respond they are likely to leave within five years. These numbers are substantial and warrant further future investigation. 
